the main biochemical lesions. Using ultraviolet absorption as an indicator Mitchell (1943) observed changes in the nucleoproteins before morphological cell damage appeared.
Morphological changes in cells have been studied by the usual histological methods. The primary change occurs in the nucleus and is commonly a coagulation of the chromatin: pyknosis. This is followed by karyorrhexis: the disintegration of the nucleus and distribution of chromatin material throughout the cytoplasm. Finally, liquefaction of the whole cell mass occurs. An interesting study on irradiation of plant cells with a particles has recently been reported by Gierlach and Krebs (1949) . The vital stain fluorochrome-acridine-orange was used. This stain is taken up by living cells without apparent disturbance of function, staining the cytoplasm pale pink and the nuclei green. On death of the cell the nucleus stains red. Thin strips of tissue were watched under abombardment from polonium deposited on nickel foil: a emission is a random phenomenon and the statistical distribution of the affected cells could be clearly seen.
Not all, cells are equally vulnerable to radiation. The mitotic process is especially sensitive. Mitosis tends to be delayed and, owing to chromosome;changes, cells which manage to survive in the resting phase often die when they attempt to divide. It follows therefore that tissues in which cells are undergoing rapid division are, on the whole, the most affected. As long ago as 1906 the law of Bergoni6 and Tribondeau was formulated, stating that the radiosensitivity of a tissue is proportional to its reproductive capacity and inversely proportional to its degree of differentiation. Metabolic activity is another factor which must be taken into account. Increased activity brings increased sensitivity. In terms of human tissues this means that the order of vulnerability, starting from the weakest, is: lymphocytes, granulocytes, epithelial cells, endothelial cells, and connective tissue. Muscle, bone, and nerve cells are all highly resistant.
From a detailed consideration of the known facts of radiochemistry and radiobiology it would be possible to deduce with reasonable accuracy the clinical picture of acute radiation illness in man. -The clinical response to acute whole body radiation is, as it were, the algebraic sum of the various biochemical and tissue effects and the body's adaptive response. For example, generalized protein denaturation produces histamine-like substances, which in their turn cause increase of capillary permeability. Direct depression of hamopoietic tissues and of the adrenal cortex show themselves in much the same way whatever the primary cause. The latent period is a manifestation of the effect on mitosis. The injured cells manage to function, albeit a trifle lamely, until division. Large numbers then die and symptoms appear. It is not intended here to enter into any detailed discussion of the clinical aspects of acute radiation illness. Admirable accounts have already been published (Cronkite, 1949) .
The published work on acute radiation illness deals in the main with the results of a single large exposure. In the Services there is naturally much interest in the effects of repeated or continuous exposure. It is easy to conceive that ground or materials may be contaminated with radioactive products and yet circumstances may make it vital that their use be not abandoned. Now, in general, particulate damage done by radiation'is not reversible. Many radiochemical reactions are, of course, reversible in the chemical sense of the term, but from the biological viewpoint what happens is that the radiation dose leaves behind it a certain amount of completed irreversible chemical change, the amount depending on the efficiency of the reaction in the given circumstances. 'Looked at in this way, the effects of repeated dosage are simply additive, and the time taken to deliver the dose would not matter. However, the body has powers of recovery and repair. Processes of detoxication and excretion, cell regeneration, and inflammatory repair are all called into play by the presence of radiation injury. When therefore dosage is spread out in time renewed injury and recovery are going on side by side, and the clinical result does not support the view that the effects of repeated doses are additive.
Fractionation of dose has been studied by radiotherapists over many years. A useful review has been published by Cohen C1949). He points out that completely irreversible reactions are covered by the Bunsen-Roscoe law.
I T -k that is, the result is proportional to the product ofintensity and time. Where the reaction is, in part, reversible or a uniform rate of recovery is going on at the same time the effect can be expressed by Swartzschild's law
where m is a positive fraction. Radiation dosage is usually expressed as total dose rather than average intensity, so that taking D I x T Swartzschild's equation becomes D = k Tn where n = 1m This equation corresponds very well with clinical observations: n is known as the recovery exponent. It is different for different tissues. For normal skin a value of 0 30 has been found by several observers, whereas for squamous carcinoma it is about 0-22. This means that normal skin recovers rather more rapidly than squamous cancer, and this differential is the theoretical basis for fractional dosage in treatment.
What is required is a general recovery exponent which will give some idea. of the-efficiency of repeated doses in producing acute illness and death. Material collected by J. S. Mitchell '(unpublished) is consistent with an exponent of 0.36, though Mitchell Itiniself prefers not to use equations of this type in interpreting his results. He has further found that the doses of X and f-radiation.which produce skin and tumour reactions under the different-conditions of both fractionated and continuous irradiation commonly used in radiotherapy can be explained quantitatively in terms of the theory of 2-hit chromosome interchanges, with the inclusion of a small linear term. It is emphasized that this numerical agreement does not necessarily imply the correctness of the suggested mechanism of radiation action.
Swartzschild's equation would read therefore
Taking D d T, where d = dose per day and T = number of days exposure, this can be transformed to
The quantity k is now the dose which, if given in one exposure, has the same acute effect as a dose d given daily for T days. Thus if, for instance, 16r is given on each two successive days, or 9r daily for five days, in each case the acute effect is the same as if 25r were given in a single dose. Clearly, the equation could not be expected to be valid for periods longer than a few weeks, as chronic effects from repeated small doses would begin to dominate the clinical picture. However, it probably has a genuine statistical value. If the percentage of casualties to be expected from exposing a group of men to a given instantaneous dose is known, a similar result will be likely if the dose is fractionated in accordance with the equation.
An aspect of radiation exposure which has caused a certain amount of apprehension is the question of genetic and gonadal changes. These changes are mediated by damage to chromosomes. There are two principal effects. Firstly, a hit on a gene may cause a mutation which is probably a molecular isomerization in the gene. Secondly, chromosomes may suffer fracture or other mechanical damage It is known that either of these events may be produced by a single hit by an ionizing particle. The amount of damage so done is additive; that is, it depends solely on the total dose and not on its distribution in time.
Multiple chromosome fractures have been extensively studied (Catcheside, 1947) . Fragments of chromosomes which are separated from their centromeres are liable to be lost altogether at mitosis. If the fragments are of appreciable size the newly divided cells will be non-viable. On the other hand, reunion of fractures often takes place, but with the wrong pieces. Thus chromosomes with two centromeres may be formed. Such chromosomes make' a chromatin bridge between the daughter cells at mitosis. This is a mechanical obstacle to the completion of the process and as a rule both cells die. Some types of chromosome translocation are viable but give rise to hereditary abnormality.
The general effects of radiation on mammalian testes have been -reviewed by Gluicksmann (1947) . As far as viability is concerned, the more primitive the cell in the spermatogenic tree the more sensitive -it is. Nevertheless the dose required to cause permanent sterility is large, and if delivered as whole-body radiation would be lethal. The cycle of events when a moderate recoverable dose is received is broadly as follows. Spermatogenesis is much depressed, but the mature sperms do not did in great numbers. They do, however, suffer chromosome breakages and mutations. Human sperms stored in the epididymis remain fertile for about twenty-one days and motile for about forty-two days. This means that for nearly a month after exposure fertile mating is possible, Many of the mature sperms are now carrying dominant lethals, which means that Atny resulting zygote is incapable of full development and will either fail to implant in the uterus or will abort at some stage. There is a theoretical possibility that a grossly abnormal embryo might be brought to full term. If the sperm is carrying only a gene mutation and not a gross chromosome disturbance the mutation will almost certainly be recessive and will not interfere with the development of the embryo. Unless it is sex-linked, when it would appear in half the males of the next generation, it will have to wait for a suitable partner in subsequent matings before it can become manifest.
After the mature sperms have been used up a period of total or partial sterility will follow while the spermatogonia regenerate. The' distribution of abnormality in the new race of sperms will be different. The dominant lethals will have vanished. Mature sperms can carry them because they have no more dividing to do, but such gross chromosome changes are fatal at mitosis and so are eliminated in the maturation divisions. This process is known as germinal selection. Recessive mutations which occurred in the spermatogonia are not so eliminated, and there are also some' viable chromosome rearrangements which may get through. In'the case of fractionated doses these various effects are all going on side by side. The final result, when all dosage has ceased, is a reduction in sperm count, usually small, which may, however, persist almost indefinitely, and a permanent increase in the percentage of sperms carrying mutations.
A particular viable chromosome rearrangement which might be of importance if a large population is irradiated is that which gives rise to hereditary partial sterility. This has been extensively studied in mice by Snell (1941) and others. As it is due to a very common type of chromosome disturbance there seems little reason to doubt that it could occur in man. The diagram represents two autosomal chromosomes in United Servtces Section a gamete after the reduction division. In an irradiated gamete of the opposite sex these two have suffered fracture and the wrong ends have joined up causing an interchange of chromatin.
I x I
After fertilization the zygote has its full complement of chromatin and can develop normally. But when it grows up and produces gametes of its own a new effect appears. At meiotic first prophase the four chromosomes are arranged thus: bb At the reduction division these have to separate into two pairs, one pair going to each gamete. If they separate at random there are six possibilities, but only four are likely. In mice it has been shown that these four occur with nearly equal frequency. They are:
The latter two pairs have a duplication deficiency and produce a non-viable zygote. Thus half the matings are infertile. The other two are fertile, but one perpetuates the abnormality to the next generation and so--on indefinitely. Half the living children in each generation have half the normal fertility. Experimentally in mice the strains appear to have started from irradiated mature gametes, but it is not theoretically impossible for the initial change to occur in a spermatogonium.
It remains to be considered what are the social effects of these possibilities and how far Service medical officers should give any weight to them. There is a tendency at present to play down their importance. It is pointed out that the chance of spontaneous mutation in a single gene is only about 1 x lO.-5 As human genes number some 5 x 103 that means that about 50 of sperms carry mutations. It is calculated that a dose of SOr will double this rate, and as the effect is in the spermatogonia the doubling is permanent. Even so, admitting the fact that nearly all themutations are deleterious, they are practically all recessive. Their spread is slow and they will need several generations before they are likely to meet another recessive partner and manifest themselves. With regard to the reduction in sperm count, that is small and, it is said, unlikely to affect fertility greatly. The possibility of hereditary partial sterility in man does not seem to be discussed in the literature at all.
It seems to the writer that there is a case for taking these dangers slightly more seriously. It may be over-optimistic to assume that reduction in fertility will be no more than parallel with the reduction in sperm count. In whole-body radiation it is not inconceivable that other features of the seminal fluid may be adversely affected. The question of hereditary partial sterility is still speculative. However, the net reproduction rate in England is not such as -to allow us to regard even small and sporadic reductions in fertility with complacency.
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The human race is already bearing a large burden of unfavourable recessive mutations. If the burden is progressively increased a stage will be reached when manifest recessive abnormalities will become much more frequent. No one would like to see such well-known recessives as Friedreich's ataxia or the muscular dystrophies on the increase. Furthermore, there are many common diseases with a family flavour about them of which the genetic basis has not yet been fully elucidated. One might instance diabetes mellitus, schizophrenia, the allergies, and some forms of malignant disease. It may be unwise to stir up our genes too much until more is known about them.
The addition which radiation dosage is destined to make to the mutation burden may be small, but it is significant because it is one of a number of tendencies all in the same unfavourable direction. In a less sheltered society harmful recessives tend to be weeded out by natural selection. -We, on the other hand, make every effort to nourish them and allow them to breed. We are prepared to tackle the most unpromising human material, keep it-alive at vast expense and with prodigious ingenuity, and hail the result as a triumph of medicine. Humanitarian considerations forbid us to act otherwise, but it must not be forgotten that every such triumph tends towards dilution of the breeding stock. As the custodians of biological knowledge in its application to human welfare the medical profession must have some responsibility in this matter, but very little thought seems so far to have been given to it. 8a7 Dr. J. F. Loutit: Effects of ionizing radiation.-I am sure that Surgeon Commander Holford was right to sound a note of caution in his discourse. In this connexion I should like to take up one of his points. He has adduced the formula k = d T0-84, equating the effects of multiple daily doses of radiation to those of a single massive dose. As this was derived from radiotherapy on man it is by far the best figure to take. On the other hand it was derived from localized irradiation and one wishes to use the figure for irradiation of the whole body. Here only the results of animal experiments are available. Under the auspices of the Manhattan District a number of such experiments were carried out in the United States a few years ago. From such of these experiments of which satisfactory protocols are available my colleague Dr. R. H. Mole has been able to show that the statistics of mortality are compatible with a hypothesis which presumes that the damage produced by a dose of radiation is initially proportional to the dose and thereafter increases exponentially.
The total damage on the (n + l)th day = -(eb-l)
The most imnportant difference between this formula and that of Surgeon Commander Holford is that the latter postulated a continued recovery from damage, while this one predicts an increasing accumulation of damage. Apparently it reflects the really long-term fects of radiation on life-span, whereas the other indicates the more or less immediate clinical results. Another quite different point deserves, I think, our consideration. If we consider the treatment of acute over-exposure to ionizing radiation, the one regimen that has won universal approval is blood transfusion. This is logical in so far as an acute hypoplasia of the bone-marrow is produced. It is notable, however, that there has been no adequate clinical trial: it was not possible at Hiroshima and Nagasaki. Furthermore, there has been no controlled experiment with animals to prove its value. When the subject is considered dispassionately, one cannot expect the transfusion of whole blood to be effective in the dangerous stage of more or less complete absence of leukocytes. Many litres of fresh whole blood would be required daily for each case to maintain an adequate level of circulating leukocytes: the life of the leukocytes in the blood is only of the order of a few hours to a few days. Therefore, concentrated material like leukocyte cream would theoretically be required, but the mechanical and chemical damage to the leukocytes, attendant on the preparation of such cream, might invalidate its use. On the other hand one would expect transfusion of stored blood to be most effective as replacement-therapy when red cells, lost in bulk during hiumorrhagic periods, cannot be replaced by the hypoplastic marrow. It is in such cases that one might expect blood transfusion to be life-saving. First a word about selection generally. All through history persons have somehow been assigned to different lines of occupation, some getting the jobs they are interested in, others being less successful. To get a quick perspective on the main issue on the problem of selection it may be helpful to consider three possible approaches to the task of relating men to jobs. The first of these approaches I will call the method of nomination. The chief point to be noticed here is that in assigning a person to an occupation remarkably little attention is paid to his individual capacities; the emphasis is much more on his background, that is to say his family, his friends or possibly the reputation of some benefactor who is anxious to advance him. This approach is comparatively unusual to-day, but it should be realized that up to a hundred years ago almost all positions came to be occupied in this way. Then about the middle of the last century came the second phase in which a serious effort was made to measure all candidates for certain positions against some common standard. This objective
